Abstract. waves leading to pitch angle scattering and subsequent loss to the atmosphere.
served in the frequency range from 100 Hz to several kHz. Plasmaspheric hiss is observed 54 in high density regions associated with the plasmasphere [Dunckel and Helliwell, 1969; 55 Russell et al., 1969; Thorne et al., 1973] and plasmaspheric plumes [Chan and Holzer, 56 1976; Cornilleau-Wehrlin et al., 1978; Parrot and Lefeuvre, 1986] . Plasmaspheric hiss 57 intensifies during storms and substorms but can also persist during relatively quiet con-58 ditions [Smith et al., 1974; Thorne et al., 1974; 1977; Meredith et al., 2004] 
59
There are two leading theories for the origin of plasmaspheric hiss, in situ amplifica-60 tion of wave turbulence in space [e.g., Thorne et al., 1973; 1979; Church and Thorne, 61 1983; Huang et al., 1983; Thorne and Barfield, 1976; Solomon et al., 1988; Cornilleau-62 Wehrlin et al., 1993] and lightning generated whistlers [e.g., Dowden, 1971; Draganov 63 et al., 1993; Bortnik et al., 2003] . Although lightning generated whistlers are impulsive, 
where λ m is the magnetic latitude.
122
Inside the plasmasphere emissions at the upper hybrid resonance frequency, f uhr are 123 usually well-defined and the electron plasma frequency, f pe , is determined from measure- which is taken to be a plasma wave cut off at the plasma frequency [Gurnett and Shaw, Inside L = 3 the plasma frequency, and consequently the upper hybrid frequency, can exceed 400 kHz which is the upper frequency limit of the sweep frequency receiver. In these circumstances we apply a correction when the observations at L = 3 are inside the plasmapause by assuming that the radial density profile in the plasmasphere is represented
distribution [Chappel et al. 1970] . In this case, the plasma frequency, f pe , scales as L −2
. Therefore, when f uhr exceeds 400 kHz at a given L, (L < 3) and the measurement at L = L 0 = 3.0 is in the plasmasphere, we estimate f pe (L) using the derived plasma frequency at L 0 , f pe (L 0 ), using:
Wave Database
The wave data are initially corrected for the instrumental background response and
129
smoothed by using a running 3 minute average to take out the beating effects due to analyses. Twelve orbits, during which nontraditional configurations were deployed for 133 testing purposes, are also excluded from the analyses.
134
Since pitch angle diffusion rates scale as the magnetic field intensity the electric field spectral intensities, S E , are converted to magnetic field spectral intensities, S B , using the expression:
derived from Maxwell's 3 rd equation and the cold plasma dispersion relation for whistler wave magnetic field intensities for plasmaspheric hiss and lightning generated whistlers 138 are subsequently determined by integrating the wave magnetic field spectral intensities 139 over the frequency range 0.1 < f < 2.0 and 2.0 < f < 5.0 kHz respectively.
140
The wave magnetic field spectral intensity in pT 
Identification of Plasmaspheric Hiss and Lightning Generated Whistlers
The database of wave emissions in the frequency range between 0.1 and 5.0 kHz may con-150 tain other wave modes in addition to plasmaspheric hiss and lightning generated whistlers.
151
These other wave modes are carefully removed from the database as described below. onances. We calculate the bounce-averaged pitch-angle diffusion coefficients for whistler mode hiss by summing the contributions from the n = -5 to n = +5 cyclotron harmonic 181 resonances and the Landau resonance (n = 0).
182
The waves are assumed to have a Gaussian frequency distribution given by: ), ω m and δω are the frequency of maximum wave power and bandwidth, respectively, ω lc and ω uc are lower and upper bounds to the wave spectrum outside which the wave power is zero, and
is a normalization constant given by
where B w is the wave amplitude in units of Tesla. The distribution of wave normal angles ψ is also assumed to be Gaussian, given by
where X = tan(ψ), δX is the angular width, X m is the peak, and X lc and X uc are the 183 lower and upper bounds to the wave normal distribution outside of which the wave power 184 is zero.
185
Once the pitch-angle diffusion rates are calculated, the timescale for the electrons to 186 pitch-angle scatter into the loss cone can be determined. We assume that the electron 187 distribution function satisfies the one-dimensional pitch-angle diffusion equation and can 188 be factorised into time-dependent and pitch-angle dependent functions [Lyons et al., 1972; 189 Albert 1994]. The resulting equation can be cast as a two-point boundary value problem 190 in 4 variables [Albert, 1994] , and solved to obtain the loss timescale, τ [Meredith et al., 191 2006a]. intensities to obtain an estimate of the loss timescales.
196
Global statistical models of the average intensities of plasmaspheric hiss and lightning is the maximum value of the AE index in the previous 3 hours [Meredith et al., 2004] .
201
The average intensities are shown in the large panels and the corresponding sampling to be an order of magnitude or more less intense than plasmaspheric hiss over the entire 207 region and during all conditions. In the region 2 < L < 3 lightning generated whistlers 208 are strongest in the evening sector. They also increase with increasing geomagnetic activ-209 ity which suggests that the lightning generated waves may be further amplified by wave is weakest in the morning sector. This suggests that waves generated by wave turbulence 215 in space can extend to higher frequencies and that waves classified as lightning-generated 216 whistlers may contain a contribution from natural instabilities. However, since the fre-217 quency range from 2 -5 kHz includes lightning generated waves [Meredith et al., 2006b ],
218
we can use this band to estimate a lower limit on the loss timescales due to lightning 219 generated whistlers.
220
To assess the frequency distribution of the waves we determine the average wave mag- range into plasmaspheric hiss (to the left) and lightning generated whistlers (to the right).
228
In all cases the wave spectral intensity maximises at low frequencies and subsequently de-229 creases with increasing frequency. The bulk of the wave power in the region 2.0 < L < 230 4.0 is clearly associated with plasmaspheric hiss, during both quiet and active conditions.
231
The PADIE code requires the frequency distribution of the waves to be modelled as a
232
Gaussian or series of Gaussian distributions. We find that three Gaussian profiles are Tables 1 and 2 large wave normal models to investigate the role of ducted and MR whistlers respectively
269
[ Table 3 ].
270
The conversion from electric field intensity to magnetic field intensity assumes parallel ranges from ∼5 at the inner edge of the slot region to ∼15 near geostationary orbit.
295
During active conditions the plasmasphere is compressed, particularly on the dawnside 296 as evidenced by the sampling distribution of the measurements inside the plasmasphere.
297
For measurements inside the plasmasphere the average values of f pe /f ce,eq at any given 298 location tend to be slightly less than during quiet conditions. Line plots of the ratio . The average values of f pe /f ce,eq during quiet 311 conditions (blue) are typically ∼10% larger than during active conditions (red).
312

Electron Loss Timescales
The electron loss timescales due to plasmaspheric hiss (red) and lightning generated normal angles can be significantly shorter than 1 day over a wide range of energies.
339
The loss timescales during quiet conditions are shown in the top panels of Figure 7 .
340
Once again, at any given L shell the shortest loss timescales occur predominantly for At lower energies (E <∼ 500 keV) at L = 2.5 both plasmaspheric hiss and lightning 369 generated whistlers are ineffective (Figure 7 ). In this region and at these energies whistler 
